INTRODUCTION
============

To date, studies showed that those who were married and lived with a spouse had better health behavior than those who lived without a spouse \[[@b1-kjfm-17-0020]\]. Changes in marital status, such as separation or widowhood, tend to adversely affect health; particularly, married men had a lower mortality rate owing to cardiovascular diseases than men who were unmarried, separated, divorced, or widowed \[[@b2-kjfm-17-0020]\]. In a study (the Million Women Study) of 734,626 English women aged 55--64 years conducted over 8.8 years, women with a spouse had a lower risk of mortality owing to ischemic heart disease \[[@b3-kjfm-17-0020]\]. Data from the Korea National Health and Nutrition Examination Survey (KNHANES) from 2007 to 2010 showed that marital status was associated with health conditions, and that there were gender-based differences in health behaviors \[[@b4-kjfm-17-0020],[@b5-kjfm-17-0020]\]. In the Healthy Women Study conducted in Pittsburg that followed up 413 women aged 42--50 years over 11.5 years, the prevalence of metabolic syndrome was higher in women who were not satisfied with their married life or were widowed than in those who were satisfied with married life \[[@b6-kjfm-17-0020]\].

The risk factors for metabolic syndrome, including abdominal obesity, hypertriglyceridemia, low high-density lipoprotein cholesterol levels, hyperglycemia, and high blood pressure, were found to be closely related with the risk factors for cardiovascular disease and type 2 diabetes \[[@b6-kjfm-17-0020]\]. In particular, the prevalence of metabolic syndrome in Korean women tended to increase with increasing age and the prevalence of metabolic syndrome in women aged 50 years or older tended be over two-folds higher than that in men \[[@b7-kjfm-17-0020]\]. However, no study was conducted to examine the relationship of marital status with these chronic diseases and health in Korea, particularly among middle-aged women. This study aimed to investigate the relationship between marital status and the prevalence of metabolic syndrome in Korean middle-aged women.

METHODS
=======

1. Respondents
--------------

The KNHANES identified the health level, health-related recognition and behavior, and the food and nutrition intake of people. In this study, data from the KNHANES from 2013 to 2014 were obtained. Among 15,568 persons who participated in the sixth KNHANES, we selected 3,625 women aged 40--69 years. We selected 3,225 women who completed all three components (the Health Interview Survey, the Nutrition Survey, and the Health Examination Study) of the KNHANES. This cross-sectional study was conducted in 3,225 women aged 40--69 years.

2. Measurement of Variables
---------------------------

### 1) Marital status

Marital status was categorized into five groups. If the respondent answered "No" to the question "Have you ever been married?", the person was regarded as unmarried, the person was regarded as unmarried, whereas those who answered "yes" was asked to answer the second question. As regards questions on current marital status, those who answered "had spouse and were living together" were included in the married group; those who answered "had spouse, but did not live together" were included in the separated group; those who answered "had no spouse due to death of spouse" were included in the widowed group; and those who answered "had no spouse due to divorce" were included in the divorced group.

### 2) Data collection and measurement of covariates

The indicators of socioeconomic status applied were income level and education level. For income level, respondents who belonged to the lowest quartile were regarded as the low-income group, those who belonged to the mid-low and mid-high income quartiles were regarded as the medium-income group, and those who belonged to the highest quartile were regarded as the high-income group. Education level was divided into three groups---middle school graduate or lower, high school graduate, and college graduate or higher.

Indices for health behavior were based on the data from the health survey and nutrition examination survey. In questions on current smoking status, the smoking group and occasional smoking group were considered current smokers, and those who answered that they had smoked previously were considered former smokers. The nonsmoking group and not applicable group were considered non-smokers.

According to the criteria of the US National Institute on Alcohol Abuse and Alcoholism, the standard drinking volume is 14 g. In questions about alcohol consumption per episode, the respondents were classified into the following groups: individuals who consumed \<3 cups (less than 14 g) per episode, individuals who consumed 3 to ≤7 cups (14 g to \<40 g) per episode, or individuals who consumed \>7 cups (\>40 g) per episode \[[@b8-kjfm-17-0020]\].

In questions on physical activity performed during leisure time in a week, the respondents were divided into groups with muscle strengthening exercise or flexibility exercise performed at least 4 times or with exercise performed three times or fewer.

In questions about menopause, the respondents were classified into premenopausal group and postmenopausal groups.

Dietary intake was assessed using the single 24-hour dietary recall method. Experienced interviewers instructed the respondents to recall and describe the foods consumed over the previous 24 hours. Food models and measuring bowls, cups, and spoons were used to assist in estimating portion sizes. The record for each respondent was coded, and standard reference tables were used to convert weights to grams.

The body mass index (BMI) value was calculated by dividing body weight in kilograms by height in meters squared. Waist circumference was measured at a level between the lower rib margin and the top of the iliac crest. The blood pressure in the upper arm of resting respondents was measured using an automatic blood pressure measuring device after stabilizing the respondents for more than 10 minutes. Blood was collected after fasting for more than 8 hours.

National Cholesterol Education Program's Adult Treatment Panel III (NCEP-ATP III) criteria were followed for the diagnosis of metabolic syndrome \[[@b9-kjfm-17-0020]\]. The waist circumference used was ≥80 cm, which is the standard measurement for Korean women. Metabolic syndrome was diagnosed when at least three of the following five items were satisfied: (1) waist circumference: ≥80 cm; (2) triglyceride: ≥150 mg/dL; (3) high-density lipoprotein cholesterol: ≤50 mg/dL; (4) blood pressure: ≥130/85 mm Hg or taking a hypotensive agent; and (5) fasting glucose: ≥100 mg/dL or previously diagnosed with type II diabetes.

### 3) Statistical analysis

To reflect the stratified cluster and systematic sampling and non-responders in the KNHANES, test and nutrition examination survey data were weighted for the analysis. Socioeconomic factors, BMI, and health behavior were compared. The general linear model was used for continuous variables, while the independence test was used for categorical variables.

Multivariate logistic regression analysis was conducted with marital status as independent variable and diagnosis with metabolic syndrome as the dependent variable. The odds ratios for metabolic syndrome were calculated depending on unmarried, separated, widowed, and divorced statuses. Changes in odds ratio for metabolic syndrome in each marital status were examined after adjustment for age, income level, education level, alcohol intake, smoking status, leisure time physical activity, menopause status, daily calories, and fat intake.

The statistical program used was IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA), and P-value \<0.05 was considered statistically significant.

RESULTS
=======

1. General Characteristics of Respondents
-----------------------------------------

There were 3,225 respondents including 2,648 women in the married group (83.7%), 54 in the unmarried group (1.5%), 26 in the separated group (0.8%), 308 in the widowed group (8.2%), and 189 in the divorced group (5.9%) ([Table 1](#t1-kjfm-17-0020){ref-type="table"}). The respondents in the widowed group and the unmarried group had an average age of 60.3 and 48.8 years, respectively, were identified as the oldest and youngest groups, respectively. The widowed group had the largest waist circumference (81.92 cm). The unmarried group had the highest level of education; 39.9% of them were college graduates or achieved a higher level of education. The married group had the highest income, with 28.45% of them in the top three quartiles. The unmarried group had a significantly higher alcohol intake (21.0%) and had the highest proportion of smokers (23.4%). The widowed group had the highest proportion of postmenopausal women (41%) and had the lowest daily calorie and fat intake.

2. Prevalence of Metabolic Syndrome Based on Marital Status
-----------------------------------------------------------

The prevalence of metabolic syndrome was 30% in the married group, 34.2% in the unmarried group, 33.5% in the separated group, 58.2% in the widowed group, and 35.8% in the divorced group ([Table 2](#t2-kjfm-17-0020){ref-type="table"}). The prevalence of each of five components for metabolic syndrome had a significant difference based on the marital status (P\<0.001).

3. Odds Ratio for Metabolic Syndrome Based on Marital Status
------------------------------------------------------------

The unadjusted odds ratio of the widowed group to the married group was 4.814 (confidence interval \[CI\], 3.861--6.002; P\<0.001) ([Table 3](#t3-kjfm-17-0020){ref-type="table"}). When only age and socioeconomic factors (household income and education level) were adjusted, the odds ratio was 2.341 (CI, 1.797--3.148; P\<0.001), and when behavioral risk factors (alcohol consumption frequency, smoking status, physical activity, menopausal status, total daily calories, and fat intake) were additionally adjusted, the odds ratio was 2.141 (CI, 1.432--3.199; P\<0.001). Moreover, the odds ratio for metabolic syndrome in the unmarried group to the married group was 0.246 (CI, 0.141--0.431; P\<0.001) after adjustment of all components. However, the odds ratios of the separated group, and divorced group to married group were not considered significant.

DISCUSSION
==========

In this study, the unadjusted odds ratio for metabolic syndrome of the widowed group to the married group was 4.814 (CI, 3.861--6.002; P\<0.001). The odds ratio for metabolic syndrome in the widowed group to the married group was 2.341 (CI, 1.797--3.148; P\<0.001) after adjustment of age and socioeconomic factors only, and 2.141(CI, 1.432--3.199; P\<0.001) upon additional adjustment for health behavior. The odds ratio for metabolic syndrome in the unmarried group to the married group was 0.246 (CI, 0.141--0.431; P\<0.001) after adjustment of all components. These results may indicate that age, socioeconomic factors, and health behavior based on marital status affected the incidence of metabolic syndrome.

We identified that many factors affect the prevalence of metabolic syndrome in this study. We identified that the widowed group had a significantly larger waist circumference ([Table 1](#t1-kjfm-17-0020){ref-type="table"}), suggesting that abdominal obesity has an effect as one of the NCEP-ATP III criteria for the diagnosis of metabolic syndrome. Jouyandeh et al. \[[@b10-kjfm-17-0020]\] reported that there was a significant association between the number of metabolic syndrome components and increasing waist circumference. A previous study showed an increased risk of metabolic syndrome in postmenopausal women especially in developing countries and Asia \[[@b11-kjfm-17-0020]\].

Many previous studies have reported that a low socioeconomic status was associated with high mortality rate owing to the development of cardiovascular diseases \[[@b12-kjfm-17-0020]-[@b15-kjfm-17-0020]\]. In this study, the widowed group had lower household income and lower education level than the married group. Consistently, a study has reported that Korean adults who were unemployed or with low education levels had a higher prevalence of metabolic syndrome \[[@b7-kjfm-17-0020]\].

Compared to the married group, the widowed group had a higher proportion of smokers. It has been speculated that divorced, separated, or widowed women experienced stress owing to financial burdens and the responsibility of raising children, resulting in an increase in the proportion of smokers. Smoking interferes with insulin function, leading to insulin resistance \[[@b16-kjfm-17-0020]\], and causes abdominal obesity \[[@b17-kjfm-17-0020]\], elevation of blood pressure through activation of the autonomic nervous system and increase in myocardial oxygen demand \[[@b18-kjfm-17-0020]\], increase in blood triglyceride levels, and reduction of high-density lipoprotein cholesterol \[[@b19-kjfm-17-0020]\].

Moderate alcohol consumption (\<15 g/d) has a positive effect on the elevation of high-density lipoprotein levels, which was also consistent with the observation in this study as evidenced by the higher rate of moderate alcohol consumption in the married group; therefore, moderate alcohol consumption can lead to the occurrence of metabolic syndrome. However, data on heavy alcohol consumption were not included in this study, and it was difficult to identify the relationship between metabolic syndrome and alcohol consumption \[[@b20-kjfm-17-0020]\].

Physical activity during leisure time among women aged 40 years or older is related to the incidence of metabolic syndrome \[[@b21-kjfm-17-0020]\]. This study failed to identify the significant relationship between physical activity and metabolic syndrome, which seems to be attributable to a slight modification by error in the questionnaire survey.

Troxel et al. \[[@b6-kjfm-17-0020]\] have reported that women who were not satisfied with their married life had a higher prevalence of metabolic syndrome than those who were satisfied with their married life or were widowed, suggesting that the presence of a spouse or a positive relationship provides physical and psychological support, especially providing a buffer in stressful situations. In addition, it was indicated that married people are healthier because they experience lesser stress and because of the presence of their spouse, which promote a healthy lifestyle \[[@b22-kjfm-17-0020]\].

These findings are consistent with the results of a previous study, reporting that there were differences in socioeconomic factors and risky health behavior based on marital status, and these differences should affect the prevalence of metabolic syndrome.

This study had some limitations. It was difficult to explain the temporal or causal relationships between marital status and metabolic syndrome owing to the cross-sectional nature of this study. Nevertheless, since these data were obtained after adjustment of various socioeconomic factors and the risk factors of behavior affecting metabolic syndrome, the relationships may be meaningful. In addition, the health behaviors were investigated not on the basis of objective measurement but on the subjective responses of the participants; therefore, a recall bias may occur and the measurement could be affected by other confounding factors in addition to the variables considered in this study. Furthermore, because it was impossible to identify the effects by time points of change in marital status, it was also impossible to identify the socioeconomic factors and health behaviors at the times of change.

In this study, on adjustment for age, socioeconomic factors, and health behavior risk factors, middle-aged widowed women had a significantly higher risk for metabolic syndrome compared than married women, which suggests that socioeconomic factors and health behaviors of middle-aged widowed women are associated with the prevalence of metabolic syndrome. In some studies, divorced men were likely to have metabolic syndrome than married men, and this finding may be mediated by their risky health behavior \[[@b23-kjfm-17-0020]\]. The strength of this paper is that a high prevalence of metabolic syndrome was found among widowed women in Korea, which is associated with health behavior. Therefore, we could speculate that widowed women have the possibility of developing metabolic syndrome. Because marital status appears to be related to cardiovascular disease in Korean middle-aged women, it is important to provide lipid screening and educational programs to improve women's lifestyle based on their marital status. To explain the temporal or causal relationships between marital status and metabolic syndrome, prospective studies should be conducted in the future.
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###### 

Characteristics of the 3,225 study participants according to marital status

  Characteristic                                                             Married (n=2,648)   Unmarried (n=54)   Separated (n=26)   Widowed (n=308)   Divorced (n=189)   P-value
  -------------------------------------------------------------------------- ------------------- ------------------ ------------------ ----------------- ------------------ ---------
  Age (y)^[\*](#tfn1-kjfm-17-0020){ref-type="table-fn"}^                     51.85±0.19          48.76±0.85         53.14±1.3          60.25±0.48        52.27±0.64         \<0.001
  Body mass index (kg/m^2^)^[\*](#tfn1-kjfm-17-0020){ref-type="table-fn"}^   23.69±0.08          23.83±0.66         23.70±0.68         24.26±0.24        23.27±0.25         0.08
  Waist circumference (cm)^[\*](#tfn1-kjfm-17-0020){ref-type="table-fn"}^    78.40±0.23          78.85±1.61         78.40±2.18         81.92±0.63        78.11±0.68         0.05
  Education^[†](#tfn2-kjfm-17-0020){ref-type="table-fn"}^                                                                                                                   \<0.001
   Middle school                                                             35.9 (1,061)        17.5 (11)          50.1 (17)          77.2 (244)        39.5 (84)          
   High school                                                               40.9 (1,013)        42.6 (25)          37.0 (6)           18.3 (48)         45.0 (80)          
   College                                                                   23.2 (580)          39.9 (22)          12.9 (3)           4.5 (16)          15.5 (29)          
  Income^[†](#tfn2-kjfm-17-0020){ref-type="table-fn"}^                                                                                                                      \<0.001
   Low                                                                       44.4 (1,280)        93.9 (54)          69.3 (20)          65.4 (209)        82.3 (172)         
   Middle                                                                    27.2 (782)          0.8 (2)            24.3 (6)           18.2 (61)         10.1 (23)          
   High                                                                      28.4 (796)          5.3 (4)            6.2 (2)            16.3 (52)         7.6 (17)           
  Alcohol intake (g)^[†](#tfn2-kjfm-17-0020){ref-type="table-fn"}^                                                                                                          \<0.001
   \<14                                                                      57.2 (1,509)        34.9 (18)          49.2 (13)          73.6 (224)        45.8 (85)          
   ≤14 or \<40                                                               35.2 (926)          44.2 (24)          44.2 (11)          23.8 (71)         36.0 (68)          
   ≥40                                                                       7.6 (185)           21.0 (11)          6.6 (2)            3.2 (9)           18.2 (34)          
  Smoking^[†](#tfn2-kjfm-17-0020){ref-type="table-fn"}^                                                                                                                     \<0.001
   Never                                                                     94.2 (2,555)        73.3 (45)          73.8 (20)          92.2 (286)        70.6 (144)         
   Former                                                                    2.7 (71)            9.5 (3)            2.8 (1)            2.5 (9)           12.9 (21)          
   Current                                                                   3.1 (78)            17.2 (10)          23.4 (5)           5.3 (18)          16.4 (34)          
  Physical activity (d/wk)^[†](#tfn2-kjfm-17-0020){ref-type="table-fn"}^                                                                                                    0.192
   \<3                                                                       58.9 (1,566)        68.8 (39)          51.1 (14)          65.4 (202)        56.9 (106)         
   ≥3                                                                        41.1 (1,087)        31.2 (18)          48.9 (12)          34.6 (107)        43.1 (87)          
  Menopause status^[†](#tfn2-kjfm-17-0020){ref-type="table-fn"}^                                                                                                            \<0.001
   Premenopausal women                                                       78.3 (2,065)        99.5 (53)          69.4 (17)          58.1 (178)        73.7 (138)         
   Postmenopausal women                                                      21.7 (553)          0.5 (2)            30.6 (7)           41.9 (126)        26.3 (49)          
  Daily calories (kcal/d)^[\*](#tfn1-kjfm-17-0020){ref-type="table-fn"}^     2,092.15±14.08      2,073.53±21.46     1,942.28±167.08    1,533.15±23.78    1,942.56±59.91     \<0.001
  Fat (g/d)^[\*](#tfn1-kjfm-17-0020){ref-type="table-fn"}^                   44.71±0.55          55.55±0.86         38.06±4.69         22.45±0.73        39.63±2.13         \<0.001

Values are presented as mean±standard error or % (number).

Analyzed using analysis of variance.

Analyzed using chi-square test.

###### 

Prevalence of metabolic syndrome according to marital status in Korean middle-aged women

  Variable                                                   Married             Unmarried           Separated           Widowed             Divorced            P-value
  ---------------------------------------------------------- ------------------- ------------------- ------------------- ------------------- ------------------- ---------
  Large WC                                                   40.2 (37.9--42.5)   41.0 (29.0--54.3)   37.8 (20.6--58.8)   57.3 (50.8--63.4)   38.8 (31.8--46.3)   \<0.001
  High TG^[\*](#tfn3-kjfm-17-0020){ref-type="table-fn"}^     31.0 (29.1--33.0)   40.0 (26.2--55.5)   45.1 (24.1--68.0)   45.9 (39.4--52.6)   39.3 (32.3--46.8)   0.015
  Low HDL-C^[\*](#tfn3-kjfm-17-0020){ref-type="table-fn"}^   41.2 (39.1--43.4)   50.9 (35.9--65.9)   53.0 (29.6--75.2)   59.4 (53.0--65.4)   44.0 (36.7--51.5)   0.008
  High BP                                                    35.5 (33.4--37.4)   25.9 (16.4--38.3)   30.6 (13.7--55.0)   56.2 (50.1--62.1)   37.6 (30.1--45.8)   \<0.001
  High FBS                                                   16.3 (14.7--18.0)   12.6 (6.0--24.6)    22.8 (9.6--45.1)    27.8 (21.9--34.7)   18.6 (12.7--26.5)   0.003
  Metabolic syndrome                                         30.0 (28.0--32.1)   34.2 (21.1--50.3)   33.5 (16.2--56.8)   58.2 (51.3--64.7)   35.8 (28.4--44.0)   \<0.001

Values are presented as % (range). Each component was determined by analysis of variance: large WC ≥85 cm; high TG ≥150 mg/dL; low HDL-C \<50 mg/dL for women; high BP ≥130/85 mm Hg; and high FBS ≥100 mg/dL.

WC, waist circumference; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; FBS, fasting blood sugar.

Using log-transformed data.

###### 

ORs of metabolic syndrome in Korean middle-aged women according to marital status

  Marital status   Unadjusted OR (95% CI)   P-value   Adjusted OR^[\*](#tfn4-kjfm-17-0020){ref-type="table-fn"}^ (95% CI)   P-value   Adjusted OR^[†](#tfn5-kjfm-17-0020){ref-type="table-fn"}^ (95% CI)   P-value
  ---------------- ------------------------ --------- --------------------------------------------------------------------- --------- -------------------------------------------------------------------- ---------
  Married          1                                  1                                                                               1                                                                    
  Unmarried        0.075 (0.037--0.151)     0.568     0.045 (0.029--0.069)                                                  \<0.001   0.246 (0.141--0.431)                                                 \<0.001
  Separated        1.238 (0.436--3.518)     0.738     1.013 (0.373--2.750)                                                  0.352     0.790 (0.202--3.087)                                                 0.516
  Widowed          4.814 (3.861--6.002)     \<0.001   2.341 (1.797--3.148)                                                  \<0.001   2.141 (1.432--3.199)                                                 \<0.001
  Divorced         1.375 (0.907--2.084)     0.138     1.174 (0.838--1.644)                                                  0.187     0.814 (0.498--1.330)                                                 0.352

Analyzed using multivariate logistic regression.

OR, odds ratio; CI, confidence interval.

Adjusted for age, education, and income.

Adjusted for age, education, income, alcohol intake, smoking, physical activity, menopause status, and daily calorie and fat intake.
